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necessity of having large data sets. One of the many problems researchers face when analyzing data series on 
financial markets is there structure (which are generally leptokurtic), leading to an increase in the probability of 
extreme events (because of the fat tail), but with the development of ARCH models Engel, 1982 and more 
recently the GARCH generalization, it has given rise to sufficiently powerful tools for modeling financial 
series. In his seminal paper Engle, 1982 proposed the autoregressive conditional heteroskedasticity models 
which view the variance as being dependent of past errors, a generalized autoregressive conditional 
heteroskedasticity (GARCH) which also includes past variance was proposed by Bollerslev, 1986 which has the 
following form: 
 
ݕ௧ ൌ ߚ଴ ൅ ݁௧                                                              (1) 
 ݁௧ȁܫ௧ିଵ̱ܰሺͲǡ ݄௧ሻ                                                        (2) 
 
 ݄௧ ൌ ߙො଴ ൅ߙොଵ ή ݁௧ିଵଶ ൅ ߚଵ ή ݄௧ିଵǡ ߙො଴ ൐ Ͳǡ Ͳ ൑ ߙොଵ ൏ ͳ                                  (3) 
 
Due to the fact that in the GARCH model the shocks are treated symmetrically but on the financial markets 
the data usually are asymmetric Glosten et al, 1993 proposed Threshold GARCH which treats differently the 
bad-good news influence on the assets prices. The asymmetrical model has the following form: 
 
 ݄௧ ൌ ߙො଴ ൅ߙොଵ ή ݁௧ିଵଶ ൅ ߛ ή ݀௧ିଵ ή ݁௧ିଵଶ ൅ ߚଵ ή ݄௧ିଵǡ ߙො଴ ൐ Ͳǡ Ͳ ൑ ߙොଵ ൏ ͳ                            (4) 
, where  ୲ ൌ ͳ if ୲ ൏ Ͳor ୲ ൌ Ͳ if ୲ ൐ Ͳ. 
 The GARCH family models were further enhanced in order to reflect the relation between risk and return, 
Engle (1987) use a GARCH in mean model which has the following characteristic: 
 
ݕ௧ ൌ ߚ଴ ൅ ݁௧ାఏή௛೟                                                              (5) 
where    ݄࢚is the conditional volatility. In this model as the volatility rises the return is raising too, these 
models are useful in order to capture the risk of the assets.  
The detection of breakpoints in time series can be posed Killick, et al., 2011 as a hypothesis test where ܪ଴ is 
the null hypothesis where there is no change point ሺ݉ ൌ Ͳሻ and the alternative hypothesis ܪଵ where we have at 
least 1 changepoint ሺ݉ ൒ Ͳሻ.   
Killick et al., 2011 developed the Pruned Exact Linear Time (PELT) method which test for changepoints 
using the following statistical criteria: penalized likelihood, quasi-likelihood and CUSUM; the breakpoint 
analysis is carried in the mean, variance and both mean/variance of the series.   
The PELT method is implemented as an R packaged (changepoint package).The test statistics used in the 
PELT method implementation (Killick et al., 2011) has the following null hypothesis ܪ଴ : no breakpoint and 
alternative hypothesis ܪଵ: one breakpoint ߬ଵ , with  ߬ଵ א ሼͳǡʹǡ ǥ ǡ ݊ െ ͳሽ.  
By rejecting the null hypothesis  ܪ଴, a changepoint is detected and it is estimated by maximizing the log-
likelihood.  The structural break will be introduce in the GARCH model equations using a dummy variable, 
also in order to eliminate autocorrelation lags of dependent variable will be introduce in the main equation, the 
model will be as follows: 
 
ݕ௧ ൌ ߚ଴ ൅ ߚଵ ή ݕ௧ିଵ ൅ߚଶ ή ݕ௧ିଶ ൅ ڮ൅ߚ௡ ή ݕ௡ ൅݀௠ଵ ή ܦ௠ଵ ൅ ڮ൅ ݀௠௜ ή ܦ௠௜                              (6) 
݄௧ ൌ ߙො଴ ൅ߙොଵ ή ݁௧ିଵଶ ൅ ߚଵ ή ݄௧ିଵ ൅݀௛ଵ ή ܦ௛ଵ ൅ ڮ൅݀௛௜ ή ܦ௛௜                                    (7) 
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, where  ܦ௠௜ǡ ǥ ǡ ܦ௛௜  are dummy variables which take the value 0 before the breakpoint and 1 after the 
breakpoint until the end of the period.  
2. Data analysis 
The analyzed series are euro/dollar, euro/£, euro/CHF, euro/yen, the analyzed period is between 01:1999 – 
09:2013,  daily series; the data are obtained from the European Central Bank (ecb.europa.eu); the econometrics 
software used are Gretl and R package strucchange, in order to obtain returns from the daily series we apply the 
following transformation: 
 
݂ሺݔሻ ൌ  ൬ ୮୰୧ୡୣ౟ǡ౪୮୰୧ୡୣ౟ǡ౪షభ൰                                         (8) 
, where i= euro/dollar, euro/£, euro/CHF, euro/yen.     
Table 1. presents the descriptive statistics of the returns on daily series of exchange rate for  euro/dollar, 
euro/£, euro/CHF, euro/yen. For the analyzed period, 01:1999 - 09:2013 all four returns are negative, the lowest 
value is observed in the case of euro/yen exchange rate , -0.207; the standard deviation, reveals a higher 
volatility in the case of euro/yen, 91,64, and euro/dollar 80.68, while the pound and Swiss franc are less 
volatile. The  euro/£ and euro/yen exchange rate distributions are negatively skewed, the kurtosis value is 
higher than the normal distribution kurtosis value, which is 3, for the analyzed series, which shows that the 
series are leptokurtic distributions. The Jarque-Bera (Fig.1) test indicates that the normality of distribution for 
euro/dollar, euro/£, euro/CHF, euro/yen is rejected, also the Q-statistics indicates serial correlation of returns 
which will be removed using lag terms and the serial correlation of squared returns Q2 suggests the existence of 
the ARCH effect. 
 
Fig.1. Normality test 
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Fig. 2 The evolution of exchange rate 
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Notes: SD, SK, KT, and JB denote standard deviation, skewness, kurtosis, and Jarque-Bera statistic, 
respectively. The Ljung–Box statistics, Q and Q2 stat checks for serial correlation of returns and squared 
returns up to the 6th (12) order, the critical value for the Q(6), Q(12) respectively are 16.81, (26.21), at 1% 
significance level. The critical value for the Jarque-Bera (JB) test is 5.991 at 5% significance level. 
 
Table 1. Descriptive statistics 
 
Series Mean SD SK KT Q(6) Q(12) Q2(6) Q2(12) JB 
ld_dollar_euro -0,206 80,68       0,0871        16        904       938      1279    1967    28375 
ld_pound_euro  -0,201 52,88       -0,0613        29        738       760      1324    1688    113807   
ld_franc_euro    -0,198 47,79       0,0723        16        688       708      1481      1733    29163 
ld_yen_euro -0,207 91,64 -0,0590 15 765 773 979 1259 24300 
 
Testing for the ARCH effect is done using the LM test, the LM value for euro/dollar, euro/£, euro/CHF, 
euro/yen are 1035, 1065, 742, respectively 798, which compared with the critical values shows the presence of 
ARCH effects, so the series will be modeled using the GARCH family models. 
Table 2. present the result for the unit root test, where ADF and PP test has the null hypothesis that the series 
is integrated of order 1, while KPSS null hypothesis is that the series is stationary. We find that for euro/dollar, 
euro/£, euro/CHF, euro/yen we reject the unit-root hypothesis based on the ADF test, PP test find that the 
returns don’t have a unit-root, the KPSS accept the stationary of all series. 
 
 
Table 2. Unit Root/stationary test 
 
Series ADF PP KPSS 
ld_dollar_euro  -74,601       -187,57 0,027834 
ld_pound_euro   -71,293      -163,34 0,058353 
ld_franc_euro     -72,216        -154,63 0,067948 
ld_yen_euro  -75,322       -176,28 0,023462 
 
MacKinnon’s 1% critical value is -3.46 for the ADF and PP tests, the critical value for the KPSS test is 0.739 at 1% significance level, * 
denote significance at 1% levels. 
 
 
We don't find for the euro/dollar, euro/£, euro/CHF, euro/yen series breaks in the mean equation; in the case 
of variance we find breaks for all the exchange rates. 
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Table 3., and Fig. 3. present the estimated breakpoints, and in order to capture the changes in mean and 
variance dummy variables will be introduce in the GARCH model equations as follows: 
ݕ௧ ൌ ߚ଴ ൅ ߚଵ ή ݕ௧ିଵ ൅ߚଶ ή ݕ௧ିଶ ൅ ڮ൅ߚ௡ ή ݕ௡ ൅݀௠ଵ ή ܦ௠ଵ ൅ ڮ൅ ݀௠௜ ή ܦ௠௜                              
݄௧ ൌ ߙො଴ ൅ߙොଵ ή ݁௧ିଵଶ ൅ ߚଵ ή ݄௧ିଵ ൅ ݀௛ଵ ή ܦ௛ଵ ൅ ڮ൅݀௛௜ ή ܦ௛௜           
, where  ܦ௠௜ǡ ǥ ǡ ܦ௛௜ are dummy variables which take the value 0 before the breakpoint and 1 after the 
breakpoint until the end of the period.  
Table 3. Breakpoint dates 
 
Series Mean breakpoint Variance breakpoint 
ld_dollar_euro - 2003-05-01, 2003-12-12, 2011-01-14, 2011-07-19, 2011-09-29 
ld_pound_euro  - 2008-01-11, 2008-03-19, 2011-03-30,2011-05-20, 2011-07-15  
ld_franc_euro    - 2004-07-12, 2011-10-05, 2011-12-14,2012-03-30 , 2013-01-11 
ld_yen_euro - 2004-09-08, 2008-05-01, 2008-10-15,2008-10-20, 2010-09-09 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Variance breakpoints in  euro/dollar, euro/£, euro/CHF, euro/yen exchange rate 
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3. Conclusions 
We can observe that the analyzed exchange rates euro/dollar, euro/£, euro/CHF, euro/yen are asymmetric 
and skewed, the series being a leptokurtic distributions of daily returns. The GARCH model incorporate the 
non-normality of euro/dollar, euro/£, euro/CHF, euro/yen  return, the JB test indicating that the series follow a 
non-normal distribution, the euro/dollar, euro/£, euro/CHF, euro/yen  return series are skewed; in order to 
eliminate the serial correlation autoregressive lags will be used in the mean equation. Because the normality test 
and LB tests reveals that the ARCH effect is present we applied GARCH models. After we applied the 
breakpoints analysis we find out that structural breakpoints are present. The GARCH models are selected based 
on their information criterion, not presented here, and the stability of the models. Based on the results of 
GARCH models estimation we can observe;  for the euro/dollar two significant breakpoints in variance (2003-
12-12, 2011-01-14), for the euro/£ there are three significant breakpoints in variance (2008-03-19, 2011-03-30, 
2011-07-15 ); for the euro/CHF there are four significant breakpoints in variance (2004-07-12, 2011-10-05, 
2011-12-14, 2013-01-11); for the euro/yen there are three significant breakpoints in variance (2008-10-20, 
2010-09-09). 
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